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Abstract
Indigenous land use occurring on temporal scales over centuries or millennia shapes forests in specific ways and influences the
dynamics of forest ecosystems. It is challenging to study such land use, but analysis of “culturally modified trees” (CMTs) can
give precise spatial and temporal information on past land use by indigenous people. The aim of this study was to increase our
knowledge of indigenous use of land and resources inNothofagus forests by identifying CMTs and analyzing the forest structure
dynamics in an ancient Kawésqar settlement site in western Patagonia. Our results show that there are CMTs at Río Batchelor and
that the forest structure varies significantly within the site, indicating that Kawésqar people altered the forest by extracting various
resources. We conclude that CMT studies have great potential in Nothofagus forests in southernmost America, but also face
specific challenges due to environmental conditions and lack of corroborating historical information.
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Introduction
Indigenous peoples’ long-term land use and the legacy of
human imprints on forest ecosystems have gained increasing
attention during recent decades (e.g. Thompson et al. 2002;
Bayliss-Smith et al. 2003; Heckenberger et al. 2003;
Josefsson et al. 2010; Buergi et al. 2017). Low intensity but
spatially broad and occurring on a scale over centuries or even
millennia, human activities shape forests in specific ways and
also influence the dynamics of forest ecosystems. Yet to date
not much attention has been given to the southernmost parts of
the South American rainforests in this respect, including
western Patagonia – a region rich in research potential.
Culturally modified trees (CMTs) are cultural imprints that
can provide precise information, spatially and temporally, on
historic and pre-historic land-use (see Mobley and Eldridge
1992; Prince 2001; Östlund et al. 2002, 2009; Turner et al.
2009; Rautio et al. 2014): studies such as these complement
archaeological and anthropological research where historical
sources are scarce.
The Patagonian archipelago covers about one million km2
at the southern cone of the American continent. This vast area
includes contrasting environments, such as seascapes,
rainforests, tree-less pampas, valleys and mountains of the
alpine Andes from Puerto Montt (41°S) to Cape Horn
(54°S). In this region there is evidence of human occupation
dating back to the late Pleistocene c. 14,000 cal years BP
(Dillehay et al. 2008, 2015; Prieto and Labarca 2011). The
distribution of archaeological sites in the region shows evi-
dence of mobile hunter-gatherer groups with distinctive,
shared characteristics in material culture spread over large
areas and a wide variety of resource utilization, both marine
and terrestrial (Orquera and Piana 1987). For more than
6,000 years, the Kawésqar and Yagán indigenous peoples
have used the fragmented seascape as nomads, using canoes
to navigate through the fjords and channels from the Gulf of
Penas to the end of Tierra del Fuego Island including Cape
Horn until the late 19th and early twentieth centuries
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(Emperaire 1955; Gusinde 1986, 1991; Chapman 2012). This
livelihood disappeared during the twentieth century as a result
of 400 years of colonization, forced relocation and assimila-
tion of the indigenous communities (Emperaire 1955).
Hunting and gathering benthic organisms was complemented
to some extent with land game and vegetables (Orquera and
Piana 2000; Piana and Orquera 2009; San Román et al. 2002).
Stranded whales were also an important but intermittent food
source. This livelihood and resource use created well-known
shell middens, which are the characteristic remains of the
long-time process of collecting and eating of shellfish and
other animals that accumulated around the settlement sites,
creating a typical concave shape (e.g. Orquera et al. 2011).
Notwithstanding the high dependence onmarine resources,
these peoples were also strongly connected to forest resources.
From previous archaeological and anthropological re-
search, it is clear that the Nothofagus coastal rainforests
provided many important resources that were crucial for
survival in the Patagonian archipelago. Settlement sites
were most often located in sheltered bays protected from
wind, in secluded settings and with ready availability of fresh
water. These sites were used repeatedly over time. Trees were
used for a variety of purposes including firewood, the construc-
tion of huts, the manufacture of tools and equipment, food and
medicine (Orquera and Piana 1987; Bjerck 2009; Zárraga
2016). In particular, the bark of Nothofagus betuloides was
peeled to build canoes, which were essential to the sea nomads’
livelihood, and produce various items such as ceremonial
masks or buckets (Emperaire 1955; Gusinde 1986, 1991;
Legoupil and Lira 2017), as well as a possible food source
(Zárraga 2016, pers. comm. Gonzáles Gonzáles and Gonzáles
Calderón).
CMTs, such as bark-peeled N. betuloides, can document
direct or indirect use of forest and trees by indigenous people.
By using dendrochronological methods on them, CMTs can
not only provide temporal precision (Andersson 2005; Rautio
et al. 2014), but also precise information about human move-
ment within forests and also the use of specific forest re-
sources, notably the utilization of tree bark for construction
and household items (Steward 1984), or the use of inner-bark
as an important food source (Prince 2001; Rautio et al. 2014).
Accordingly, linking historical and archaeological informa-
tion with analysis of CMTs and historic forest structure is
one possible road forward to getting a broader picture of the
habitation and resource use of indigenous peoples in the past
(Josefsson et al. 2010; Heffner and Heffner 2012; Rautio et al.
2014; Larson et al. 2019).
The aim of this study was to increase our knowledge of
indigenous peoples’ use of land and resources in
Nothofagus forests by identifying CMTs and analyzing
forest structure dynamics on an ancient Kawésqar settle-
ment site in western Patagonia in Chile. We focused on
the use of land and resources over the last 400 years at
and near the settlement site using analyses of bark-peeled
trees and forest structure. This timeframe was chosen be-
cause it is covered by both biological (tree rings) and
archaeological and historical records. The objectives of
the study were to: (1) identify and describe attributes
and the spatial and temporal distribution of bark-peeled
trees; (2) compare characteristics of bark-peelings to
Kawésqar and Yágan bark objects kept in museum collec-
tions; and (3) analyze the relationship between bark-
peeled trees, present forest structure and the settlement
site. The analyses made in this study forms the basis for
a more general discussion of the potential and challenges
for CMT studies at indigenous settlement sites in southern
rainforest ecosystems.
Material and methods
The Río Batchelor site
The study site (53º 33′ S, 72º 18′ W) is located on the south-
ernmost part of the mainland of western Patagonia in Chile
(Fig. 1), in the Magellanic rainforest vegetation zone (Veblen
2007). We selected the site based on the following criteria: (1)
a late successional coastal Nothofagus forest, (2) in an area
with known historical land use by the Kawésqar people, with
(3) no known history of commercial forest utilization nor (4)
modern infrastructure or habitation. The main archaeological
site (named Batchelor I, see San Román et al. 2002; Prieto
et al. 2008) is located at 3 m asl on a sheltered north-western
bank near the river, and in estuarine waters about 150 m from
the sea. The site has a flat topography and includes some 30 ha
of forest on both sides of the estuary where the Batchelor river
enters the sea (Fig. 2a).
The forest is dominated by evergreen Nothofagus
betuloides with a minor component of Drimys winteri and
Maytenus magellanica. Most parts of the forest are in late-
successional stages, and the closed-canopy forest has a
multi-aged tree structure with trees of different ages
intermixed (Fig. 2b). The ground flora is typical of pure ever-
green N. betuloides forest in the area (Cruz and Caldentey
2007), and includes woody vines Luzuriaga marginata and
Lebetanthus myrsinites, shrubs Berberis ilicifolia, Philesia
magellanica, Desfontainia spinosa, Fuchsia magellanica
and Empetrum rubrum, and ferns Blechnum magellanicum
and Hymenophyllum tortuosum that thrive on the forest floor
and lower part of the largest tree trunks. A cold-temperate
climate with great humidity (Pisano 1981) and moderate to
cool summers and snowy winters characterize the region.
Temperature is greatly moderated by proximity to the ocean,
with average lows in July and highs in January.
The indigenous Kawésqar people have inhabited the local
region where the Río Batchelor site is situated for centuries.
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Early written accounts of this region include that of Pedro
Sarmiento de Gamboa who disembarked at Carlos III Island
and erected a cross on it in the sixteenth century (Sarmiento de
Gamboa 1950). However, the most informative source from the
Batchelor river area is the account of Beauchesne's French expe-
dition to the Pacific in 1698–1701 (Duplessis 2003). Later re-
cords include a description by Phillip Parker King and Robert
FitzRoy who in 1829 mentioned 14 people travelling in a canoe
on the Batchelor river, and Carl Skottsberg from the Swedish
Magellan scientific expedition that in 1907 noted some aban-
doned awnings near the river (Prieto et al. 2008), this being the
last historical record of indigenous use of the settlement site.
More recently, José Emperaire encountered a group of indige-
nous canoers, probably Kawésqar, in Bahía de Gallant, located
roughly 30 km from Río Batchelor (Passini 1951). The site has
no history of commercial forest management, and except for
some recent small-scale fishing and archaeological excavations
in the early twenty-first century there are no records of human
activities during the last 70 years. The site is presently uninhab-
ited and located more than 75 km from the nearest road or house.
Archaeological review and recent history at Río
Batchelor
The site was excavated in 2000 and 2005 by the Centro de
Estudios del Hombre Austral – Instituto de la Patagonia (San
Román et al. 2002). These excavations uncovered direct evi-
dence of sporadic indigenous camps and repeated
occupations, materialized in the form of shell middens among
the vegetation or near the shores. According to these results,
the most common remains found in the middens were shells of
common shellfish, but the bones of mammals and birds were
also present. Tools and other cultural objects were also in
evidence. The site contained not only indigenous material,
but also European contact material such as retouched bottle
glass, which allowed for indirect dating complementary to 14C
dating (Beta-163547 220 + 60 BP). The conclusion, based on
the materials and dating, is that the site was probably occupied
between the seventeenth and nineteenth century (San Román
et al. 2002; Prieto et al. 2008). Indications of carving activi-
ties, traces of cuts and evidences of cooking on remains were
also found, showing that people were cooking and living in
the settlement for significant periods of times. Based on this
previous research we did a reconnaissance archaeological sur-
vey to identify and locate with certainty the archaeological
settlement at Batchelor I, and determine possible traces of
other settlements in the peninsula. In connection with this
survey we performed an inventory of cut stumps and other
traces of logging in the peninsula to confirm the absence of
commercial forest management.
Ethnographic records of the use of bark in south-
western Patagonia
A literature review was conducted of the main ethnographical
and historical records of the material and technical uses of
Fig. 1 Location (upper left) and map of the study site (right) with major vegetation types, the ancient settlement at Batchelor I (indicated by shell
middens), sample points and positions of registered culturally modified trees
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bark (e.g. tools for bark extraction and work, cut-marks in
trees) (Emperaire 1955; Martínez-Corvetto 1968; Chapman
2012; Zárraga 2016). To enable interpretations of the possible
use of tree bark we performed a superficial survey of objects
made of bark that are presently kept at different museum col-
lections around the world (Salesianos Museum, Punta Arenas,
Chile; the Musée du Quai Branly – Jacques Chirac, Paris,
France; the British Museum, London, UK; the Museo
Misionero Etnológico, Vatican; Weltmuseum Wien, Vienna,
Austria; and the Museum of World Culture, Gothenburg and
the Ethnographical Museum, Stockholm, Sweden). All of the
examined bark objects belong to the Kawésqar and Yagán
people (Vila-Mitjà and Estévez Escalera 2017). We found
12 bark objects, including buckets, beakers, ritual masks and
a canoe scoop (see supplementary material) that could be at-
tributed to the Kawésqar. These objects (mainly collected and
then preserved to the present time entirely by chance), admit-
tedly few in number, still give a clear testimony of the rich
Nothofagus bark use by indigenous people in Patagonia.
Canoes and small canoe models were excluded. The dimen-
sions of these objects were compared to the dimensions of the
bark-peelings inventoried at the study site in order to assess a
possible size relationship between bark-peelings and use of
the bark.
Field survey of CMTs
CMTs were surveyed within a 15 ha large area covering the
western part of the study site (Fig. 1). The survey was designed
to locate traces of past human land use including bark-peeled
trees (Andersson et al. 2008). CMTs were inventoried through
a systematic transect sampling.With the aid of a GPSwe laid out
20 m wide transects parallel to the seashore. Each transect was
inventoried by three people, and all trees within the transects
were examined for CMTs and other peelings. The area in the
center of the small peninsula contains a mire and was excluded
from the inventory. In total, 3.4 ha were surveyed for CMTs. All
recorded peels were examined and classified according to expe-
rience of CMTs from other studies (cf. Östlund et al. 2009, and
the CMT Handbook 2001). To finally distinguish between nat-
ural scars (e.g. scars made by falling trees or left by fire) and
human-made peelings we performed a two-step analysis. In the
field, we checked carefully for fallen trunks or branches which
could explain scars of natural origin.When all data was collected
we also made a comparative analysis of the size and shape of the
peels, presence of toolmarks, positions on the trunk to further
verify the bark-peelings. Each classified tree was then positioned
with a GPS and photographed. The following parameters were
recorded for each bark-peeling: tree species, diameter at breast
height (DBH), length andwidth of the peel, distance fromground
to the lowermost part of the peel, presence of axe-marks and/or
knife-marks on the peel; in addition, the presence of any charcoal
from forest fire on the peel was noted and a careful measurement
of the depth of the encroachment was also made.
Field survey of forest characteristics
To examine the current forest structure and composition we
established a total of nine sampling points, with the first point
on the overgrown settlement site (Josefsson et al. 2010). The
remaining eight sampling points were placed successively in a
random way at various distances and angles up to c. 350 m
from the first point (Fig. 1). At each sampling point we re-
corded the heights of the two largest trees (within a 20 m
radius), basal area (total and for each tree species using a
relascope), the DBH for trees (≥ 5 cm) counted with the
relascope. We also recorded the characteristics of standing
(snags and stumps ≥ 2 m high) and lying (≥ 1 m long, ≥
10 cm in diameter in the thick end) dead trees, within a
0.4 ha quadrat positioned south-west of the centre of the sam-
pling point. To determine the stand age, six living trees were
(a)
(b)
Fig. 2 aAerial photo showing the Río Batchelor site from the south-west;
the Batchelor river outlet to the right and the Strait of Magellan to the left
(Photo: Federico Guerrero); b typical forest structure in the interior parts
of the study site with older and younger Nothofagus betuloides trees
mixed with Drimys winteri trees. Understory vegetation is dominated
by ferns and a thick moss layer (Photo: Lars Östlund)
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randomly selected and cored at each sampling point, using
increment borers (4.5 and 12 mm in diameter). All samples
were taken at breast height (1.3 m above the ground) to avoid
rot and irregularities in ring sequences. To determine the time
needed for a tree to reach breast height, and to allow us to
compensate for this in our calculations, disk samples from
1.3 m high trees (n = 30) were taken from the base of the tree,
as near the germination as possible.
Laboratory procedures and data analysis
Tree age was determined in the laboratory by annual ring
counts using standard methods. The sampled tree cores were
mounted and prepared with sandpaper (100 and 400 grades)
and chalk to make the annual rings clearly visible. All samples
were then measured using a microscope at 6.4 × to 40 ×mag-
nification and a tree ringmeasuring station with a resolution of
1/100 mm (LINTAB 5, RINNTECH Technologies). We dealt
with age-approximation of trees for which the increment cores
failed to reach the pith by estimating the length of the missing
part of the radius by matching the curvature of the inner rings
to concentric circles drawn on a transparent plastic sheet (cf.
Josefsson et al. 2010). The total tree age was determined by
adding the average age of 1.3 m tall trees (nine years) to the
estimated ages of trees cored at breast height.
Volume (V) of standing dead trees was assessed using the
formula (Promis 2006):
V ¼ 0; 000136 dbh1;9626459  h0;620845
where dbh is diameter at breast height and h total height of the
tree.
For downed logs, the length of the fallen dead tree (l) and
the maximum diameter (dmax) and minimum diameter (dmin)
were recorded. The volume (V) was estimated using the for-
mula for the frustum of a circular cone:
V ¼  l=3ð Þ  dmax=2ð Þ2 þ dmax  dmin þ dmin=2ð Þ2
h i
To approximate the volumes (V) of living trees per ha we
used the following formula:
V ¼ ba h 
where ba is basal area and h is mean height of the two largest
trees at the sample point and α represents tree form factor. The
latter (estimated to 0.43) was derived from the formula pro-
vided by Promis (2006) using tree heights between 26 and
36 m.
Statistical analysis
We usedmultiple linear regression to analyze the relationships
between past land use and variables on forest structure and
composition. Age, height and diameter of trees, basal area,
tree species composition (basal areas of tree species) and liv-
ing and dead tree volumes derived from nine sample plots
were set as dependent variables, and distance to settlement
site was set as an independent variable. Since the study site
is a small peninsula there is a chance that other factors such as
wind and humidity may influence forest structure and compo-
sition. Therefore, we included distance to shore as a control
variable. Multicollinearity among dependent variables was
checked using variance inflation factors and regression coef-
ficient variance proportions (cf. Friendly and Kwan 2009).
The datasets of all forest structure variables were log-
transformed when necessary to meet assumptions of normal-
ity. Differences are reported as significant when p < 0.05. All
statistical analyses were conducted using IBM SPSS statistics
24 for Windows.
Results
Inventory and sampling of CMTs
We found in total 26 bark-peelings on 18 older trees at the site,
exclusively on N. betuloides (Table 1). Of these, 24 were classi-
fied as confirmed bark-peelings done by humans; the other two
were possible bark-peelings but were of uncertain status due to
fire affecting the peel after the bark-peeling had taken place.
Twenty-five peels were found on living trees and one was found
on a dead tree. In addition, there were several weathered scars on
downed logs that could not be analyzed.We also found two trees
with bark-peelings that were burnt inside the trunk of the tree but
with no evidence of burning in the immediate surrounding forest
(Fig. 3b). On average, there were 5.3 bark-peeled trees per ha.
The average length of the bark-peelings was 87 cm (SD= 39),
with a variation between 20 and 170 cm. We could detect two
different peel shapes: rectangular (Fig. 3c) and tapered (Fig. 3a).
Based on the characteristics that we measured, the most frequent
bark-peelings inventoried at Río Batchelor were rectangular (n=
21) with a mean length of 81 cm (SD= 39). The tapered peels
(n= 5) that we registered were generally longer (109 cm, SD=
38), but also generally older. The oldest rectangular bark-peeling
was dated to 1833, as compared to the oldest tapered bark-peel-
ing, which was dated to 1672 (Table 1, Fig. 4). Most trees with a
bark-peeling were decayed in the trunk, and especially within a
few centimeters inside the exposed wood on the peel. The den-
drochronological dating of the peels showed that these trees had
been bark-peeled between approximately 1672 and 1940
(Fig. 4).
Present forest structure and composition
Forest structure varied greatly across the study site (Table 2).
N. betuloides was the dominant tree species (43–89% of the
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total basal area), with D. winteri the second and
M. magellanica the third most common tree species on the
peninsula (11–50% and 0–29% of the total basal area, respec-
tively). The forest was multi-aged, the overall mean age being
c. 146 (range: 108–184 years) and the oldest dated
N. betuloides tree recorded in the region being 330 years
old. The average height of the trees was c. 30 m (range: 26–
36m), but theD. winteri andM.magellanica trees had seldom
grown higher than 20 m and 5 m, respectively. The mean tree
DBH was 42 cm, but some N. betuloides trees reached a di-
ameter of about 170 cm. The largest D. winteri and
M. magellanica trees we recorded were c. 80 cm and 40 cm,
respectively. Basal area and volume of trees varied consider-
ably among the sample points (30–40 m2 ha−1 and 374–605
m3 ha−1, respectively). Also, the volume of deadwood differed
substantially with a mean value of 77 m3 ha−1 (range: 30–174
m3 ha−1).
To analyze the local effects of past land use on present
forest structure and composition, we examined the relation-
ships between distance to settlement site and the following
variables: tree age, height and diameter, tree species compo-
sition, basal area and volume of living and dead trees in nine
sample plots. We found significant relationships between dis-
tance to settlement site and several variables of which the most
important are presented below (Table 3, Fig. 5). Strong
(p < 0.01) positive correlations were observed between dis-
tance to settlement site and present mean tree diameter and
volume of deadwood (total and downed trees). Moderate
(0.01 ≤ p < 0.05) positive correlations were seen between dis-
tance to settlement and mean tree age. We also observed
changes in tree species composition with increasing distance
from the settlement site with increasing basal area of
N. betuloides and decreasing basal area of D. winteri.
Discussion
This study focused on indigenous Kawésqar historic forest use
at an old-growth Nothofagus betuloides forest site in western
Patagonia. Our aim was to analyze the occurrence of CMTs
and forest structure with dendrochronological methods and
interpret past land use in a temporal perspective embracing
the last 400 years.
Interpretation of nothofagus bark-peeling at río
batchelor
In the forested peninsula west of Río Batchelor, we found 18
older N. betuloides trees with one to three bark-peelings of
different sizes which we interpreted as CMTs. CMTs can be
identified by their regular shape, by direct tool-marks when
marked (or in this case the tree-bark was collected) (CMT
Handbook 2001; Östlund et al. 2009). During our field survey
we found a substantial number of scars which we could not
assert as man-made with certainty, and therefore we may have
underestimated the number of CMTs in the surveyed area of
Table 1 Bark-peelings on Nothofagus betuloides trees (* denotes samples with more difficulties in determining peeling date; − denotes samples
impossible to date with satisfactory precision)
ID of tree Length of peel(s) (cm) Type Age of peel Age of tree Position x/y (decimal degrees) Notes on tree
1 150, 57 Tapered 1672*, 1811 > 300 53.56030/72.31140 Living
2 102, 86, 70 Rectangular 1892, 1899, − > 200 53.56040/72.31107 Living
3 104 Rectangular 1900 > 180 53.56058/72.31279 Dead
4 120 Rectangular 1924 > 150 53.56039/72.31334 Living
5 48 Rectangular 1833* > 220 53.56039/72.31369 Living
6 90 Tapered 1854 > 250 53.55997/72.31364 Living, burnt at the base
7 95 Rectangular 1865 > 200 53.55997/72.31530 Living
8 80, 20, 20 Rectangular 1876, − , − > 250 53.55875/72.31839 Living
9 40 Rectangular 1833 > 270 53.55894/72.31231 Living
10 170, 105 Rectangular 1840 > 280 53.55892/72.31183 Living
11 70 Rectangular 1913 > 220 53.55994/72.31194 Living
12 74 Rectangular 1869 > 240 53.55994/72.31194 Living
13 140 Tapered 1786* > 300 53.56043/72.31131 Living
14 120, 40, 26 Rectangular − , − , − − 53.55956/72.31186 Living, decayed
15 100 Rectangular 1911 > 250 53.55901/72.31133 Living
16 95 Rectangular 1940 > 100 53.55885/72.31155 Living
17 110 Tapered 1925 > 150 53.55886/72.31155 Living
18 120 Rectangular 1915 > 130 53.55886/72.31156 Living
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(a) (b)
(c)
(d)
Fig. 3 Examples of culturally
modified trees at the study site: a
large tapered bark-peeling; b tree
which has been burnt inside; c
rectangular bark-peeling (lower
left); d tool-mark (knife) on bark-
peeling (Photos: Lars Östlund)
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Fig. 4 Past chronology of bark-
peelings inventoried at Río
Batchelor. Y-axis indicates the
length of the tapered (triangles)
and rectangular (squares) peels,
and X-axis indicates the estimated
date of bark-peeling
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the peninsula. We did not find any bark-peelings on other
dominant, but scarcer, tree species, including D. winteri and
M. magellanica. This is in accordance with the ethnographic
materials and museum collections available in which the use
of N. betuloides bark is most prominent. According to these
sources, Nothofagus bark was very important in the material
culture of the Kawésqar and Yagán people: a large variety of
artefacts for different uses were made out of the very strong
and pliable N. betuloides bark (Emperaire 1955; Gusinde
1986, 1991; Legoupil and Lira 2017). Specific techniques
and tools made out of animal bones or shells were commonly
used to collect the bark and then shape/manufacture these
objects. The higher density of bark-peeled trees in the forest
nearest to the archaeological site Batchelor I (Fig. 1; San
Román et al. 2002; Prieto et al. 2008) and the continuous
collection since the seventeenth century until the twentieth
century (Fig. 4) indicate that bark from N. betuloides trees at
Río Batchelor have been taken by Kawésqars for different
purposes across a considerable period of time and until rela-
tively recently.
We did not find any very long bark-peelings, as might be
expected for building the hull of Nothofagus bark-canoes, an
absence that might be considered puzzling as it is known that
this type of canoe was built until the early twentieth century
(Emperaire 1955). However, in order to construct these craft,
10 m long strips of bark were cut in a circular fashion around
the stem at both ends (Hyades and Deniker 1891; Emperaire
1955), something which killed the tree within a short period of
time. And even in the case of collection techniques that would
not kill the tree, longer bark-peelings might have fatally ex-
posed the tree to the humid environment and decaying fungi,
and these trees may therefore be undetectable today.
However, considering the context of multiple use of the land-
scape by a highly mobile people, we cannot exclude the pres-
ence of long bark-peelings at other sites in the region.
The rather short length and the rectangular shape of most
bark-peelings and the analysis of bark objects found in the
museum collections is an indication that the bark was primar-
ily used for manufacturing small objects such as buckets or
beakers. From these objects we could determine that they
required a bark strip of 48 cm on average (range: 33–
60 cm). These objects can be directly related to the shortest
rectangular bark-peelings inventoried at Río Batchelor
(Table 1, Fig. 6). It might be expected that one bark-peeling
could be used for manufacturing the entire object (including
the bottom of the object), or even two objects at the same time.
If the length is multiplied by two the bark length required
ranges from c. 60–120 cm and this can be related to longer
rectangular peels found at the study site (Table 1). It could also
be expected that bigger sections of bark were extracted, with
part being lost when manufacturing took place. Another pos-
sible use of Nothofagus bark was for the manufacture of ritual
masks with rectangular or triangular shapes. Six of them are
known from museum collections, with bark pieces ranging
from 55.5 to 83 cm, matching well with the length and the
tapered shape of some of the bark-peelings inventoried. In
addition, the ethnographic literature indicated that smaller
Table 2 Forest structure variables recorded within sample plots; data
are means and standard errors (SE), and variation between sample plots
(range)
Variables Mean SE Range
Tree age (years) 146.6 3.09 108–184
Tree height (m)* 30.4 0.37 26–36
Tree diameter (cm)
Mean 41.6 0.85 35–60
Min 11.9 0.32 8–16
Max 117.4 3.73 85–170
Basal area (m2) 37.2 0.50 30–44
Tree species composition (%)
N. betuloides 61.0 1.83 43–89
D. winteri 28.1 1.59 11–50
M. magellanica 10.9 1.06 0–29
Volume living trees (m3) 480.9 8.50 348–563
Volume dead trees (m3)
Standing 11.2 1.26 0–35
Downed 66.5 5.63 14–167
Total 77.7 5.65 30–174
* Arithmetical mean tree height in meters of the 100 largest trees ha−1
Table 3 Model summary for the
relationship between distance to
settlement site and several forest
characteristics. Only significant
relationships are shown (p < 0.05)
Variables R2 R2 (adj) B-coefficient
(standardized)
T P
Tree age 0,825 0,574 0,178 3,074 0,022
Tree diameter at breast height 0,796 0,728 0,061 4,802 0,003
Basal area N. Betuloides 0,764 0,685 0,123 4,145 0,006
Basal area D. winteri 0,547 0,396 -0,095 -2,671 0,037
Volume of downed deadwood 0,812 0,75 0,412 5,096 0,002
Total volume of deadwood 0,716 0,621 0,388 3,887 0,008
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pieces of bark could be used as wind breaks at the base of huts
and for repairing damaged canoes above or below the
waterline (Hyades and Deniker 1891; Emperaire 1955).
Further research must be done in order to link definitively
the manufacture of bark objects with CMTs. Nevertheless,
the analysis of ethnographic objects from European museums
seems to indicate that there may be close relationships.
If bark-peelings can give indications about the nature of
land use, CMTs can also inform about timing and the spatial
use of the landscape. Due to stem-rot inside the trees and
consequent difficulties in preserving and counting tree rings,
the dates were somewhat uncertain, but they are within a span
of approximately 20 years of the given date in the most diffi-
cult cases. Our results show a rather regular collection of bark
during the period 1850–1940, which decreases the further one
goes back in time, probably due to the mortality of the trees.
The most recent bark-peeling we inventoried at Río Batchelor
dates from 1940, corresponding with the latest historical re-
cord of the Kawésqar in the area (Passini 1951). However, it is
notable that rectangular bark-peelings before 1833 could not
be found while tapered ones go back to 1672 (Fig. 4). This
raises the question of the collection technique and of the mo-
tivation for bark-peeling since it is known that at other indig-
enous sites in the northern hemisphere, bark-peeled trees were
not supposed to be killed (Bergman et al. 2004; Östlund et al.
2009). The rather low number of CMTs (5.3 trees per ha) in
relation to the lengthy occupation of this Kawésqar settlement
may be explained either by the fact that bark-peeled
Nothofagus trees do not persist in this harsh environment
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Fig. 5 Relationships between distance from settlement and: a mean tree age; b mean tree diameter; c basal area of N. betuloides; d basal area of
D. winteri; e volume of downed logs; and f total volume of deadwood. All relationships are statistically significant (p < 0.05)
Fig. 6 Bucket (23 × 18 × 18, 271 g) made with bark of Nothofagus
betuloides collected in the nineteenth century during the Willems-
Rousson expedition in Patagonia. Source: Collection du Quai Branly,
inventory number: 71.1892.35.79 (Photo credit: photo © musée du quai
Branly – Jacques Chirac, Dist. RMN-Grand Palais / image musée du quai
Branly – Jacques Chirac)
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and thus it is difficult to distinguish man-made peels from
natural scars, or by the high mobility of Kawésqar, who used
the settlement over many decades but in a highly transient
manner, leaving little behind in the way of cultural marks on
the vegetation. In other studies of CMTs at settlement sites
used repeatedly by indigenous groups much higher densities
of CMTs are known, up to 22 trees per ha were recorded for
example by Rautio et al. (2014).
Forest structure and past Kawésqar land use
The forest structure at the site gives some clues to previous
anthropogenic influence.Many of the ecological variables that
wemeasuredwere significantly correlated to the distance from
the settlement (Table 3, Fig. 5), showing a clear gradient in the
forest structure that can be attributed to past indigenous land
use. These variables included increasing tree age and tree di-
ameter, increasing basal area ofN. betuloides at the expense of
D. winteri, and increasing volumes of deadwood with increas-
ing distance from the ancient Kawésqar settlement. It means
that in the most distant areas from the archaeological site, the
forest was almost exclusively dominated by old (> 160 years
old), large diameter (> 40 cm) N. betuloides trees, with large
amounts of deadwood – characteristics of an old-growth
Nothofagus forest. In the part of the forest nearest the settle-
ment, it was a younger (c. 120 years old), mixedN. betuloides-
D. winteri forest type, with much lower volumes of deadwood
– very much characteristic of a secondary forest, and very
likely a result of important gaps or anthropogenic
disturbances.
We could not find any signs of commercial forest manage-
ment in the peninsula, which means that the forest structure
observed today was the result of low intensity land use that
stopped about a century ago (as indicated by no D. winteri
being older than 97 years (74 ± 4.6, n = 9) in the four nearest
sampling points to the ancient settlement).D. winteri saplings
have a better ability to establish in high densities in the under-
story compared to N. betuloides (Rebertus and Veblen 1993),
meaning that D. winteri, and the forest in general, were prob-
ably much scarcer a century ago near the settlement, when it
was still used by Kawésqar people. The collection of trees of
different sizes for various uses, the use of fire to cut down
larger trees (Lira 2015) as we also observed, or smaller
D. winteri trees for making various items such as harpoons
shafts (Maerky 2019) or bows (Emperaire 1955), may have
created forest gaps and limited forest regeneration when the
settlement was used. Bark-peeling and the associated mortal-
ity of trees may also have indirectly influenced the forest
structure near the site, where most CMTs where found. The
lower deadwood volume can also be explained by human
activity at the settlement site aimed at making fire; this has
been clearly confirmed in other studies (see for example
Josefsson et al. 2010). Deadwood was the main resource for
firewood for the Kawésqar (Emperaire 1955). It is worth not-
ing, however, that the lower volume of deadwood could have
also been exacerbated by other activities duringmodern times.
Our overall conclusion concerning the contemporary forest
structure at this site is that the area near the archaeological
settlement is currently in a state of secondary succession, with
a lower amount of deadwood and also with many CMTs, in
total showing a high degree of anthropogenic disturbance in
the past. We suggest that this forest might once have resem-
bled an “English park” – a more open, park-like forest better
suited for a Kawésqar habitation site – a scenario which was
described at a similar site in the year 1831 by Captain FitzRoy
(FitzRoy 1839).
The archaeological investigations at the site provide evi-
dence of long-termKawesqár use of the protected inner part of
the peninsula. The location of the settlement gave access to
marine and land resources as is reflected in the archaeological
materials that were found (San Román et al. 2002): projectile
tips, biface, scrapers, chopping tools, platelet fragments, nu-
cleus, slabs, flakes, waste andmicro-waste (Prieto et al. 2008).
Clearly, the site provided protection, fresh water and many
valuable resources, and it could thus be expected to be an
important place for nomadic indigenous canoers of western
Patagonia. However, the temporal pattern of land use cannot
be detected by traditional archaeological investigations. This
study fills that gap: we show use of the site up until the 1940s
and provide evidence of repeated bark harvesting (at least
once every 14 years from the late seventeenth century). This
confirms that people have been using the site at least since the
seventeenth century, along with the forest and marine re-
sources it could provide. The low intense forest use, carried
out over many centuries, has shaped the forest structure and
left a cultural heritage in the forest ecosystem. Knowledge of
this fact has consequences for understanding indigenous re-
source use in general in this region but also for increasing the
respect for the history of the people who lived here during
millennia. It is particularly important to use this knowledge,
and in close collaboration with today’s indigenous communi-
ties, when managing protected forests in the region.
Challenges in dating CMTs in southern rainforest
ecosystems
CMT studies in the southern Patagonian Nothofagus forest
provide unique research opportunities, but also pose specific
challenges. There are many sites on the mainland, as well as
on islands in the western archipelago, which feature old-
growth Nothofagus forest and which have never been com-
mercially logged or exploited in modern times after the aban-
donment of traditional use by indigenous people in the early
twentieth century. These secluded sites constitute preserved
and intact environments with a combination of ecological for-
est structures and archaeological remains. These very
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southerly sites are therefore clear analogues to similar sites in
the northern hemisphere in northern Europe (Rautio et al.
2014; Östlund et al. 2009) and in North America (Mobley
and Eldridge 1992; Prince 2001). Sites with such characteris-
tics give opportunities to document indigenous peoples’ his-
torical land use in detail with dendrochronological techniques,
and also to reconstruct the forest structure at the time of indig-
enous land use.
However, the specific challenges of studying CMTs at these
sites – challenges which to some extent separate them from
coniferous-dominated sites in the northern hemisphere – are con-
siderable. Firstly, the dominant tree species in the region are
deciduous Nothofagus trees, which are far more susceptible to
rot by wood fungi when the trees are bark-peeled compared to
most coniferous species. Once a peeling is made on a deciduous
tree wood fungi penetrates, and the center of the tree, especially
the inside of the peel face, rots quickly. Trees with peels are
weakened and decay faster, becomingmuchmore prone towind-
fall; detecting and analyzing bark-peelings on down-logs is dif-
ficult, if not impossible in some cases. In contrast, CMTs in
coniferous forest can often be detected many centuries after the
peel was made due to impregnation of resins in the exposed
wood (Östlund et al. 2004). In fact, especially Pine trees with
peels may actually be more long-lived compared to trees without
peels for the very same reason. CMT analysis is, then, generally
more difficult in deciduous forests, and in many cases only esti-
mations of the original peel size and the date of bark-peeling can
be made. In light of this, we rather suspect that we have
underestimated the real number of CMTs at this site. Yet against
this cautious suggestion of underestimation in this case must be
set the fact that the Nothofagus trees in these windswept forests
tend to suffer natural peeling due to falling stems (snow- and
windfallen trees and branches). This makes it very difficult to
distinguish between scars of natural origin and CMT peels. And
rather frustratingly, the varied size of the Kawésqar objects that
have survived in museums does not help that much when seek-
ing to recognize CMTs by their size and shape, in contrast to
CMTs in the northern hemisphere, where there is a greater and
more reliable knowledge of the shape and size of bark peels
(Östlund et al. 2009; Nicolai 2013). The frequency of natural
scars, together with our uncertain knowledge about the precise
nature of the peel–object relationship, may therefore result in an
overestimation of CMTs in Patagonian Nothofagus forest eco-
systems, a possibility that future researchers should be aware of.
Oneway to overcome this problem thoughmight be to use novel
technique by analyzing peel faces for the presence of micro
particles of for example obsidian (cf. Christensen 2017). Such
particles, or other foreign material (Fig. 3d), would be a good
indicator of an anthropogenic peel.
To conclude on a positive note: CMT research is a well-
established field in North America, northern Europe and to
some extent in other parts of the world (Gottesfeld 1992;
Mobley and Eldridge 1992; Carver 2001; Östlund et al.
2009; Turner et al. 2009). Through such research, it has been
possible to investigate and understand indigenous peoples’
use, affiliation and titles to forestlands (cf. Turner et al.
2009; Östlund et al. 2020). The uniqueness of CMTs is that
they ‘document’ a defined form of land use in situ; further-
more, the act of culturally modifying a tree can be dated to the
year. Such studies, then, open new perspectives on and give a
temporal precision to our understanding of indigenous land
use. While acknowledging the undoubted methodological
challenges they pose, our view is that the protected and
unlogged forests on the isolated islands in the south-western
parts of Patagonia offer spectacular possibilities to expand our
knowledge of indigenous archaeology and forest history.
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